Francis Bacon's use of metaphors to characterize his nascent concept of experimentation must be interpreted within the historical context of his time. His approach to experimentation is one in which nature is constrained by the "violence of impediments" and is made new by "art and the hand of man." His language about nature should be placed in the context of the history of the contained, controlled experiment, a concept that emerges from juridical practice, from the idea of nature in bonds, and from the tradition of the secrets of nature in settings such as the courtroom, the anatomy theater, and the laboratory. F RANCIS BACON (1561-1626) played a formative role in the emergence of the contained, controlled experiment. From his early writings in the 1590s to his mature concept of the experiment in the 1620s, he struggled by means of vivid metaphor to define a new method of gaining truth about the natural world.
medieval writers that led merely to individualistic and arcane insights became a foil against which he developed a new mode of extracting secrets from nature. His vast knowledge of ancient and contemporary writers, in combination with his judicial life in the service of Elizabeth I and James I of England, contributed elements to the language he used to describe his new method. Of equal importance to his metaphorical style, however, was his immersion in the cultural, social, and economic fabric of fin-de-siècle Europe and the physical settings of his everyday life.
To appreciate the significance of Bacon's achievement, one must go beyond a textual analysis of the words he used in his published writings. It is necessary to examine the emergence of his nascent concept of the contained, controlled experiment. The ingredients of his idea included an active inquisitor (scientist) who posed a question, a subject/object that held the answer as a veiled secret, witnesses who could verify and if necessary replicate the experience, and a practical outcome that would improve the life of humankind. Although ambiguity may exist about the meanings of some of Bacon's terms, their relevance becomes clear if they are placed in the context of his times.
Here I explicate Bacon's movement toward the concept of the contained, controlled experiment in ways not heretofore discussed by historians (who have mainly focused on his inductive method) and respond to critics such as Peter Pesic who have debated his metaphors and objectives.
2 I respect and appreciate Pesic's research arguing that Bacon did not use the words "nature on the rack" or "torturing nature to reveal her secrets," although later authors have attributed those sayings to him.
3 I argue, however, that
Bacon's concept of experiment entailed a nature constrained by the "violence of imped
Bacon's early interest in the practical and mechanical arts; the role of his 1609 Wisdom of the Ancients in developing his tripartite division of nature as free, erring, and in bonds; and how particular settings in Bacon's cultural milieu contribute to and illustrate experimentation. Bacon's ultimate objective was to recover the "dominion over creation" lost in the Fall from Eden in order to benefit humanity in material terms. 8 That dominion, however, was achieved by the constraint of nature through technology, a process that exacted heavy costs from nature itself.
Interpretations of Bacon and his role in the rise of experimental science have a long history and have been discussed in numerous books and articles. At one end of the spectrum is the view of the Frankfurt School philosophers, who see Bacon as initiating a tradition of human power and dominion over nature. 9 Thus mechanistic science itself, as it emerged in the seventeenth century, may be seen as complicit in some of humanity's current ecological, medical, and human survival problems. 10 At the other end of the scale are those who view Bacon as the humble servant of nature who gave humanity new tools to uncover the truths of nature.
11 A modicum of middle ground, however, may exist a cavity (especially in the body), implies any such thing. Furthermore, to argue that Bacon was implying that "those who believe in witchcraft are fools" (Pesic, "Proteus Rebound," p. 311) contradicts Bacon's own claim that "superstitious narrations of sorceries, witchcrafts, dreams, divinations, and the like" are not to "be altogether excluded" ( Writings, 1972 Writings, -1977 . 10 In The Death of Nature, I argued that "the mechanistic style of problem solving" (as opposed to ecological science) "pays little regard to the whole ecosystem of which people are only one part. The antithesis of holistic thinking, mechanism neglects the environmental consequences of synthetic products and the human consequences of artificial environments" (p. 186). For Pesic to claim that my "arguments too sweepingly condemn all the interventions of science, as if all of them equally acted to despoil the environment" (Pesic, "Proteus Rebound," p. 316), is a misreading of the argument of both my book and my chapter on Bacon. Throughout "Proteus Rebound" he treats my work as being opposed to all science, stating that in my "distress over Bacon's project of dominion over nature" I "ignore the pressing need to relieve human suffering" (ibid., p. 317). To the contrary, I in fact agree with the quotation he cites (in opposition) from Perez Zagorin to the effect that "should the world succeed in coping with its present environmental problems, it will do so, not by opposition to or rejection of science, but by the intelligent and humane use of science coupled with the existence of a public and governments capable of making sensible decisions about the application of science and its limits" (ibid.). Where I disagree is with the claim that science must be accomplished through the domination of nature. For more detail, see my work on chaos and complexity theories in science and on partnership with nature in Merchant, Reinventing Eden (cit. n. 2), Chs. 9, 10.
11 On this side of the debate is Nieves Mathews, "Francis Bacon: Slave Driver or Servant of Nature," http://www.sirbacon.org/mathewsessay.htm. Mathews's objections are intensely political. She writes: "In 1942 Herbert Marcuse, the patron saint of a generation of leftist extremists, described Bacon as the 'evil animus' of modern science, while Martin Heidegger, who was still celebrating in 1953 what he called 'the inner truth and greatness of Nazism,' denounced in Bacon the symbol of a nefarious identification of science with technology. During those same decades Bacon's reputation as a scientist was also at its lowest ebb." See also Mathews, Francis Bacon: The History of a Character Assassination (New Haven, Conn.: Yale Univ. Press, 1996) . Other defenders of Bacon include Alan Soble, "In Defense of Bacon," Philosophy of the Social Sciences, 1995, 25:192-215 between the two perspectives when larger political and social issues underlying his concept of power are taken into consideration.
"THE DOMINION OF MAN OVER THE UNIVERSE"
Francis Bacon lived on the cusp between the Renaissance and the Enlightenment, during the expansion of preindustrial capitalism. All over Europe a new flurry of activities that transformed nature through machines and inventions was taking place. Tunneling into the earth for coal and metals, building forges for refining ores and hammering metals, constructing mills powered by wind and water, and erecting machines for lifting and boring provided humanity with a new sense of power over nature. The development of the coal and iron industries, the enclosure of the commons for wool production for the textile industry, the cutting of enormous tracts of timber for shipbuilding, and the expansion of trade changed the natural landscape. Knowledge of crafts, mechanics, inventions, and the properties of matter was essential to creating a storehouse of reliable, replicable information about the practical arts that would be available not just to the few, but to the many. 12 A number of works of the late sixteenth century provided Bacon with ample illustration of the constraint of nature by technology and the arts that would undergird his emerging concept of experiment. From Hugh Platt, author of the Jewell House of Art and Nature: Conteining divers rare and profitable inventions, together with sundry new experiments in the art of husbandry, distillation, and moulding (1594), Bacon learned of numerous practical inventions that would benefit the common good. From Bernard Palissy, author of the Discours Admirable (1580), he knew of the techniques and economic impact of the craft traditions. From Georg Agricola's De Re Metallica (1546), he recognized the enormous importance of the techniques of mining and metallurgy for extracting ores and metals from the earth and applying them to the advancement of civilization. These works contained numerous illustrations showing men operating alembics, crucibles, ovens, and distillation equipment, digging tunnels into the earth and extracting ores, operating forges and fires, pounding metals and stone, and constructing and operating waterwheels and windlasses-all examples of the constraint of nature under technology. One of Bacon's earliest (though posthumously published) works, "The Masculine Birth of Time" (written in 1602-1603), already contained the subtitle that would characterize his mature program of the 1620s: "The Great Instauration of the Dominion of Man over the Universe." Out of this early interest in the mechanical and practical arts, Bacon began to develop an experimental method by which nature could be studied and altered by "art and the hand of man" in the vast project of extending "the power and dominion of the human race itself over the universe." 13 In 1878, during the height of the English Industrial Revolution, Friedrich Engels praised Bacon as the founder of English materialism and the experimental method. But he criticized both Bacon and John Locke for an approach that removed science and philosophy from its external context:
The analysis of Nature into its individual parts, the grouping of the different natural processes and natural objects in definite classes, the study of the internal anatomy of organic bodies in their manifold forms-these were the fundamental conditions of the gigantic strides in our knowledge of Nature which have been made during the last four hundred years. But this method of investigation has also left us as a legacy the habit of observing natural objects and natural processes in their isolation, detached from the whole vast interconnection of things; and therefore not in their motion, but in their repose; not as essentially changing, but as fixed constants; not in their life, but in their death. 14 The result of the mechanistic revolution was to break down nature into parts-atoms and molecules-that could be manipulated by external forces. Nature itself was viewed as a machine that could be repaired and reconstructed from outside by a human mechanic. Treating nature as a machine removed it from its external, environmental context, isolating it in a confined, controlled space. The fundamental characteristic of the experimental method is isolation from outside factors so that variables can be controlled. Parts can be removed and interchanged; one atom can be substituted for another; one organism can be introduced and another removed. Nature becomes an instrument and the human mind itself an instrument operating on nature.
In Dialectic of Enlightenment, Max Horkheimer and Theodor Adorno castigated Bacon for the disaster of instrumental reason that they saw as the downfall of the Enlightenment, a program that sought to dominate nature: "The 'many things' which, according to Bacon, 'are reserved,' are themselves no more than instrumental," they wrote. "What men want to learn from nature is how to use it in order wholly to dominate it and other men." The result, they stated, was that "the fully enlightened earth radiates disaster triumphant. The program of the Enlightenment was the disenchantment of the world, the dissolution of myths, and the substitution of knowledge for fancy. Bacon, the 'father of experimental philosophy,' had defined its motives." 15 The disenchantment of the world was "the extirpation of animism"-the removal of animistic and spiritual features from all things and the reduction of nature to mere matter. Instrumental reason separated morality from rationality, leaving individuals free to act so as to maximize power over other people and nature itself. Horkheimer and Adorno were especially strident in their critique of the concept of power over humans and nature that 13 they saw as the root problem of the Enlightenment. They wrote: "The concordance between the mind of man and the nature of things that [Bacon] had in mind is patriarchal: the human mind, which overcomes superstition, is to hold sway over a disenchanted nature. Knowledge, which is power, knows no obstacles."
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This skeptical analysis of Bacon's ultimate contribution to science and philosophy arises in part from Bacon's insights into how knowledge of the world intersects with power over it. One must understand the causes of nature in order to understand and use its effects. One cannot command (dominate) nature without first understanding its laws. In Aphorism 3 of the Novum Organum (literally, the "New Instrument"), he joined the two ideas of knowledge and power into one concept: "Human knowledge and human power meet in one; for where the cause is not known the effect cannot be produced. Nature to be commanded must be obeyed." 17 The problem of domination becomes the problem of the Scientific Revolution. Does humanity remain the victim of nature, fatalistically accepting the hand that nature deals in the form of failed harvests and deaths from unknown diseases, droughts, and fires? Or can humanity, by understanding those causes through science and manipulating them through technology, gain the upper hand? As William Leiss pointed out in The Domination of Nature, "the consequence of this view is to set the relationship of man and the world inescapably in the context of domination: man must either meekly submit to these natural laws (physical and economic) or attempt to master them." For Bacon, the path was clear. Through the arts and sciences, "the human race [could] recover that right over nature which belongs to it by divine bequest."
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It is therefore only through understanding the laws of nature that humanity has a chance of controlling its own destiny. The scholastics, alchemists, and mechanics of the Middle Ages could not achieve those ends. What they knew, argued Bacon, had been arrived at by chance and arranged in a "nice" order. What they had not done was find a new method. 16 Ibid., pp. 3-4. See also p. 42: "Today, when Bacon's utopian vision that we should 'command nature by action'-that is, in practice-has been realized on a tellurian scale, the nature of the thralldom that he ascribed to unsubjected nature is clear. It was domination itself." 17 Francis Bacon, "Aphorisms Concerning the Interpretation of Nature and the Kingdom of Man," in Novum Organum, Bk. 1, Aphorism 3 (Works, Vol. 4, p. 47). Shaw's 1733 translation of Novum Organum Scientiarum: A New Machine for Rebuilding the Sciences, in Bacon, Philosophical Works, ed. Shaw, Vol. 2, p. 344, renders Aphorism 3 as "The Knowledge and Power of Man are coincident: for whilst ignorant of the Causes, he can produce no Effects: Nor is Nature to be conquer'd but by Submission." Shaw explains that "the only method by which Men can rule Nature, must depend upon learning her Ways" (ibid., Vol. 2, p. 344, note c), and "Man himself being necessarily subject to the laws of nature; tho' within the compass of these laws he has a very extensive Power, that will always be commensurate to knowledge" (ibid., Vol. 1, p. 564, note a). Montagu's translation uses "subdued by submission": "Knowledge and human power are synonymous, since the ignorance of the cause frustrates the effect. For nature is only subdued by submission, and that which in contemplative philosophy corresponds with the cause, in practical science becomes the rule" (Bacon, Works, ed. and trans. Montagu, Vol. 3, p. 345). Jardine and Silverthorne's translation uses "conquered only by obedience": "Human knowledge and human power come to the same thing, because ignorance of cause frustrates effect. For Nature is conquered only by obedience; and that which in thought is a cause, is like a rule in practice" (Bacon, New Organon, ed. and trans. Jardine and Silverthorne, Bk. 1, Aphorism 3, p. 33). Malherbe and Pousseur's French translation is "Science et puissance humaines aboutissent au même, car l'ignorance de la cause prive de l'effet. On ne triomphe de la nature qu'en lui obeisant; et ce qui dans la spéculation vaut comme cause, vaut comme règle dans l'opération" (Bacon, Novum Organum, trans. Malherbe and Pousseur, Bk. 1, Aphorism 3, p. 101). Rees and Wakely translate it as "Human knowledge and power come to the same thing, for ignorance of the cause puts the effect beyond reach. For nature is not conquered save by obeying it; and that which in thought is equivalent to a cause, is in operation equivalent to a rule" ( 19 By understanding and obeying nature, mankind can command nature. There is thus no daylight between servant and commander. They are one and the same, for (as he stated in Aphorism 3) "nature to be commanded must be obeyed." As servant, humanity achieves knowledge; as commander, it achieves power. The two meet as one.
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If power and knowledge meet as one, the issue dividing the critics and defenders of Bacon is how power/knowledge is used and toward what ends. The ways in which both capitalist culture and the state use scientific knowledge to enhance power is the issue raised by the conjunction of power/knowledge. Michel Foucault states, "There is no power relation without the correlative constitution of a field of knowledge, nor any knowledge that does not presuppose and constitute at the same time power relations." 21 The domination of nature may be set in a liberatory or a repressive framework. In some cases those uses may be benign, in other cases neutral or malign. The confined, controlled experiment may result in violence toward nature or in the liberation of nature and human society. As I stated in The Death of Nature, "Bacon himself was not responsible for subsequent uses of his philosophy," but "because he was in an extremely influential social position and in touch with the important developments of his time, his language, style, nuance, and metaphor become a mirror reflecting his class perspective." 22 In that mirror 19 Bacon, Novum Organum, Bk. 1, Aphorism 1 (Works, Vol. 4, p. 47). The Montagu translation reads "Aphorisms on the Interpretation of Nature and the Empire of Man. Aphorism 1: Man, as the minister and interpreter of nature, does and understands as much as his observations on the order of nature, either with regard to things or the mind, permit him, and neither knows nor is capable of more" (Bacon, Works, ed. and trans. Montagu, Vol. 3, p. 345). Michèle Le Doeuff writes, "What can be the meaning of a statement such as the one that opens the Novum Organum: 'Homo naturae minister et interpres?' . . . Supposing that Bacon's Latin had entirely reverted to the language of Cicero, the phrase must be translated by 'man, servant of nature,' . . . consequently minister is the opposite of a master. On the other hand, if one has doubts as to the perfect success of the reCiceronization of modern Latin . . . and if one ventures to refer then to medieval Latin, minister must be translated by 'administrator' or even by 'artisan,' the term being synonymous with artifex, and the French word for 'craft,' metier being derived from it. 'Man, the craftsman of Nature . . .' might be the right translation" (Michèle Le Doeuff, "Man and Nature in the Gardens of Science," in Francis Bacon's Legacy of Texts, ed. William A. Sessions [New York: AMS Press, 1990], pp. 119 -138, on pp. 120 -121). Following this line of reasoning, the phrase could also be translated as "Man, the administrator of Nature." Both "craftsman" and "administrator" convey a sense of control over nature and hence are closer to the idea of commanding nature. Other possible translations are "Man, the agent," "Man, the assistant," or "Man, the helper" of Nature-all of which convey a more active or managerial role than does "servant." Jardine and Silverthorne translate the phrase as "Man is Nature's agent and interpreter" (Bacon, New Organon, ed. and trans. Jardine and Silverthorne, Bk. was the image of nature as female-source of secrets to be extracted for economic advancement and revealed through experiment.
NATURE AS FEMALE
Nature for Francis Bacon and nearly everyone else in the Renaissance and Scientific Revolution was female. More than a metaphor, Nature was the servant of God in the mundane world-the bringer and reproducer of life and the meter of rewards and punishments. Accepted as both reality and metaphor by the lower, as well as the upper classes, Nature represented a fusion of ancient, Renaissance, and Christian symbols. Depicted as female by a host of artists, writers, philosophers, and ordinary people, Nature was a personification of the cosmos, the earth, and the human writ large. 23 Like the human and the cosmos, Nature as a living being had a body, soul, and spirit. Nature personified had breasts, a bosom, and a womb, as well as circulatory, reproductive, and elimination systems. For Neoplatonists, nature was the lower part of the world soul. For alchemists and natural magicians, matter was to be manipulated and transformed into higher metals, cures, potions, and pharmacopoeia. For Christians, nature was the dispenser of God's displeasure at mankind's disobedience-retribution for human sins. Failed harvests, drought, storms, diseases, and plagues resulted from human failure to obey the strictures of moral life. Nature was the substance of the body-a fusion of the elements, the base instincts, and human bodily and moral weakness. All aspects of the body were symbolized by the female, the weaker and more vulnerable sex. Matter, too, as female, represented the lower order of nature. Matter, like the female, was inconstant, changing, and corruptible. Matter, the body, and the reproductive organs were sites of potential corruption by the devil. To deny this reality of daily and moral life is to discount history itself.
The widely held belief that nature itself was female underlies Bacon's use of language and metaphor on which much of his program for a new experimental science rests. Bacon himself wrote of nature in the female gender in his 1605 English version of The Advancement of Learning: "For it is no more but by following and as it were hounding Nature in her wanderings, to be able to lead her afterwards to the same place again." 24 Not only the Latin texts that use the feminine "natura" for "nature," but also the nineteenthcentury translations in which nature and matter are designated as "she," were truer to the beliefs and assumptions of the texts of the time than current translations that attempt to modernize Bacon's language. 25 Thus phrases such as "when by art and the hand of man not envision), range from the study of reptiles, birds, and dogs in evacuated bell jars to creating new species through genetic engineering; the study of caged monkeys deprived of their mothers; the Tuskegee syphilis experiments; Depo-Provera trials on fertile women; underground nuclear tests; DDT tests conducted on whole ecosystems; the act of laying out transects and counting species within grids; testing the responses of dogs, birds, and plants to spaceflight; abstracting away friction and air resistance in inclined-plane experiments; and calculating momentum/energy transfers among colliding balls. Although not all of these experiments administer pain to a living thing, all reflect the confinement of nature by technology. Although not all raise equal moral issues, all reflect human "power over nature. Farrington (1964) she is forced out of her natural state, and squeezed and moulded," "to examine nature herself and the arts upon interrogatories," and "nature exhibits herself more clearly under the trials and vexations of art than when left to herself " more accurately reflect the cultural assumptions of the Renaissance and early modern period within which Bacon and other natural philosophers worked than do later, "more modern" translations. 26 I agree that today nature should not be gendered as female and that translations of "nature" as "it" rather than "she" more accurately reflect current understandings. But this was not the view of the Renaissance or of Bacon.
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PAN, PROTEUS, AND PROMETHEUS
In addition to the underlying assumption that nature was female, Bacon drew on a number of allegories to characterize nature, most notably in The Wisdom of the Ancients (De Sapientia Veterum), written in Latin in 1609, early in the course of Bacon's published works. Following the Greek pattern of investing male and female gods with human as well as superhuman characteristics, Bacon drew on ancient allegories to develop an approach to nature that would eventually underlie his emerging concept of experiment. He used the Greek god Pan to symbolize nature, Proteus to symbolize matter, and Prometheus to symbolize "the state of man." Other relevant figures include Daedalus (mechanic), Orpheus (philosophy), Proserpina (spirit), and Sphynx (science). 28 Of the thirty-one deities of the ancient world described by Bacon in this early work, Pesic seizes on Proteus as the deity on which to hang his main argument. What underlies this choice?
The gods described by Bacon in The Wisdom of the Ancients were not just symbols, but moral forces and powers that organized the world. He drew on a number of sixteenthcentury handbooks of mythology, interpreting them as they advanced his own philosophy. 27 The fact that nature was gendered as female in the past is part of a pervasive patriarchal framework that assumes that men are rational and women are emotional. Feminist history and science over the past four decades have challenged those assumptions in many fields and social practices. Despite such efforts, men as prominent as Harvard's recent president Lawrence Summers still assume that women are not as adept at science as men, and popular media still use the phrase "mother nature" to depict nature's "wrath" against humanity, expressed in the form of natural disasters (hurricanes, tornados, droughts, earthquake, etc.). I agree with Pesic, "Proteus Rebound," p. 308 n 14, when he quotes Susan Haack, Defending Science-Within Reason: Between Scientism and Cynicism (Amherst, N.Y.: Prometheus, 2003), p. 316, to advise that, "rather than disparaging a stereotyped science misperceived as embodying stereotypically masculine values, we need to rid ourselves of stereotypes, both of women and of science." But the comment that immediately follows this quotation seriously demeans the intelligence of "young women." Pesic writes: "Would it not be unfortunate if young women, told that science learned from the torture of female witches to abuse Mother Nature herself, concluded that they should have nothing to do with science?" 28 Francis Bacon, The Wisdom of the Ancients, in Works, ed. and trans. Montagu, Vol. 1, pp. 285-313; see the topics entitled "Pan," "Proteus," "Prometheus," "Daedalus," "Orpheus," "Proserpina," and "Sphynx." See also Bacon, Works, Vol. 6, pp. 617-686 (Latin), 687-764 (English). She is either free and follows her own course of development as in the heavens, in the animal and vegetable creation, and in the general array of the universe; or she is driven out of her ordinary course by the perverseness (pravitatibus), insolence (insolentiis), and forwardness of matter (materiae contumacies) and violence of impediments (impedimentorum violentia), as in the case of monsters (monstris); or lastly she is put in constraint (constringitur), molded (fingitur), and made as it were new by art and the hand of man (arte et opera humana); as in things artificial. 30 (For textual comparisons of the three states see Tables 1, 2 Table 2 ). Additionally, the history of "nature free" and "nature under constraint" (the first and third states) was discussed in the "Plan of the Work" for the Instauratio Magna, or Great Instauration, also published in 1620 immediately preceding the Novum Organum (see Table 3 ). Of these discussions, Pesic quotes only that in the "Plan of the Work," using the Spedding translation with Latin inserts for the words "under constraint and vexed [naturae constrictae et vexata]" and "under the vexations [vexationes] of art" (Pesic, "Wrestling with Proteus," p. 88; see also Pesic, "Proteus Rebound," p. 306). But, contrary to Pesic's argument that for Bacon "vexare" ("vex") had only mild meanings, such as "shaking" or "harassing," some early scholars read Bacon's Latin more harshly. Peter Shaw, a chemist and Physician in Ordinary to Kings George II and George III, translates "vexare" in this and other passages as "torture": Bacon, Philosophical Works, ed. Shaw (see Table 3 and notes 39 and 58, below). Thomas Tennison, Archbishop of Canterbury, also interpreted Bacon's Latin as meaning "torture" in his 1679 "Account of the Philosophy, Mechanic Inventions, and Writings of Sir Francis Bacon" that introduced the Baconiana, writing as follows: "The seventh and greatest Branch of the third part of the Instauration, is his Sylva Sylvarum, or Natural History; which containeth many Materials for the building of Philosophy, as the Organon doth Directions for the work. It is an History not only of Nature freely moving in her Course (as in the production of meteors, plants, minerals); but also of Nature in constraint, and vexed and tortur'd by humane [ The Distribution of the Work of the Great Instauration; Aphorisms guiding to the Interpretation of Nature" (Baconiana, p. 32). It seems likely that Tennison is referring to the first and third states of nature (i.e., at liberty and in bonds), as set out by Bacon in his "Distribution of the Work," suggesting that they might be applied to the materials in the Sylva Sylvarum. Tennison's characterization closely approximates the quotations in Table 3 . Aphorisms. I. Nature is placed in three situations, and subject to a threefold government. For she is either free, and left to unfold herself in a regular course, or she is driven from her position by the obstinacy and resistance of matter, and the violence of obstacles, or she is constrained and moulded by human art and labour. The first state applies to the specific nature of bodies; the second to monsters; the third to artificial productions, in which she submits to the yoke imposed on her by man, for without the hand of man they would not have been produced. But from the labour and contrivance of man an entirely new appearance of bodies takes its rise, forming, as it were, another universe or theatre. Natural history, then, is threefold, and treats either of the liberty, the wanderings, or the fetters of nature; so that we may aptly divide it into the histories of generation, pretergeneration, and arts; the latter of which divisions we are also wont to call mechanic or experimental. Yet would we not direct these three to be carried on separately, for why should not the history of monstrosities in every species be combined with that of the species itself?
So, also, artificial subjects may sometimes properly enough be treated of together with certain natural species, though, at other times, it is better to separate them. Circumstances, therefore, must guide us, for too rigid a method admits of repetitions and prolixity as much as no method.
Aphorism I. Nature exists in three states, and is subject as it were to three kinds of regimen. not separate and exclusive categories; rather, they crossed over into each other and could be studied in ways that illuminated each other and nature itself. "I do not make it a rule," he wrote, "that these three should be kept apart and separately treated. For why should not the history of the monsters in the several species be joined with the history of the species themselves? And things artificial again may sometimes be rightly joined with the species, though sometimes they will be better kept separate."
31
Pan symbolizes the first state, nature at liberty. "The ancients," states Bacon, "have exquisitely described Nature under the person of Pan." Pan, as the figure of a man with a goat's body, mediates between higher and lower forms of nature. The upper part, or man, symbolizes "equitability of motion, and constancy and dominion over the earth and earthly things"; the lower part, or brute beast, symbolizes "perturbations and unconstant motions" that need to be moderated by the upper part. As hunter, Pan is the human effort to uncover knowledge through observation and experience. He "lays open all the things of nature." 32 As in Bacon's first state of nature (in which "she is . . . free and follows her own course of development as in the heavens, in the animal and vegetable creation, and in the general array of the universe" 33 ), Pan represents nature's harmonious activity and continual development. His marriage to Echo means that the world is an image or reflection of itself. The matter of the world, however, is recalcitrant and disruptive. It has an "inclination and desire to the relapsing and dissolution of the world into the old chaos." Fortunately for humanity, however, matter's "malice and violence" are "restrained and kept in order by the prepotent unity and agreement of things, signified by Cupid or the god of love." When Pan audaciously challenges Cupid in wrestling, the latter overcomes and restrains him. The order and harmony of nature are thus maintained in the face of the recalcitrant tendency of matter to dissolve the world and return it to chaos. Proteus, or matter, symbolizes Bacon's second state, or nature in error. This second state was necessary to account for the great variety of shapes, wonders, and strange forms of nature that resulted when "she is driven out of her ordinary course by the perverseness, insolence, and forwardness of matter and violence of impediments, as in the case of monsters." 34 In The Wisdom of the Ancients, Proteus represents matter, which when acting freely and at liberty produces the species of the world, but when restrained and confined by handcuffs (i.e., "the violence of impediments") turns "himself into all manner of forms and wonders of nature: sometimes into fire, sometimes into water, sometimes into the shape of beasts, and the like, till at length he was restored to his own form again." 35 In their book Wonders and the Order of Nature, 1150 -1750, Lorraine Daston and Katharine Park draw on Bacon's second state of nature to describe the books or "cabinets" of wonders and curiosities of nature that were so common in the Renaissance. As Bacon stated, it was by understanding the "wonders of nature" that one could proceed to an understanding of the 31 Bacon, Parasceve, Aphorism 1 (Works, Vol. 4, p. 253). See also Bacon, "Description of the Intellectual Globe," in Works, ed. and trans. Montagu, Vol. 2, p. 572. In his outline for "The New World of Sciences," Bacon planned that Bk. 2 would contain chapters entitled "The Errors of Nature, or the History of Praetergenerations," and "The Bonds of Nature, or Mechanical History" (Bacon, Works, Vol. 5, p. 121). 32 third state of nature, or "the wonders of art." 36 For Bacon, the curiosities, wonders, and strange shapes that nature sometimes produced when acting perversely were explained by the myth of Proteus.
The myth of Proteus illustrates the differences between Bacon's first and second states of nature. Proteus (Neptune's herdsman) slept every noon after counting his flock of sea-calves. His flock or herd, states Bacon, "seems to be nothing but the ordinary species of sensible creatures, plants, and metals." When free and unconstrained, Proteus existed with his flock completed. By analogy, matter, "after the forming and perfecting of these kinds, having ended as it were her task, . . . seems to sleep and take her rest, not attempting the composition of any more species. And this may be the moral of Proteus counting of his flock, and of his sleeping." 37 But when subjected to "manacles" or "bonds and handcuffs" (i.e., "the violence of impediments"), Proteus struggles and changes shape in an effort to free himself. 38 Under duress, matter, likewise, assumes "divers strange forms and shapes of things" that are wonders or monstrous freaks of nature, not the living things that are produced when nature acts freely and at liberty. But matter can never be annihilated, even if an "expert minister of nature" tries to reduce it to nothing. 39 For Bacon, the allegory of Proteus thus 36 Daston and Park, Wonders and the Order of Nature (cit. n. 23), pp. 220 -231. They quote Bacon as follows: "from the wonders of nature is the nearest intelligence and passage towards the wonders of art: for it is no more by following and as it were hounding Nature in her wanderings, to be able to lead her afterwards to the same place again" (p. 223). Also: "Bacon invoked the 'wonders of nature' to bridge the natural and the artificial" (p. 37 Bacon, Wisdom of the Ancients, in Works, ed. and trans. Montagu, Vol. 1, p. 297. 38 Ibid. The main feature of the allegory is that Proteus, as matter, can escape his handcuffs by assuming different shapes, but if caught could be made to tell all he knew. To understand the hidden mysteries of nature, Bacon states, a person needed to catch Proteus "in manacles, and holding him fast therewith: who, nevertheless, to be at liberty, would turn himself into all manner of forms and wonders of nature." See also Bacon, Parasceve, Aphorism 5 (Works, Vol. 4, p. 257). 39 Bacon, Wisdom of the Ancients, in Works, ed. and trans. Montagu, p. 297: "Nevertheless, if any expert minister of nature shall encounter matter by main force, vexing and urging her with intent and purpose to reduce her to nothing, she contrariwise, seeing annihilation and absolute destruction cannot be effected by the omnipotency of God, being thus caught in the straits of necessity, doth change and turn herself into divers strange forms and shapes of things, so that at length, by fetching a circuit as it were, she comes to a period, and if the force continue, betakes herself to her former being." In the De Augmentis Scientiarum Bacon states, "For like as a man's disposition is never well known or proved till he be crossed, nor Proteus ever changed shapes till he was straitened and held fast, so nature exhibits herself more clearly under the trials and vexations of art than when left to herself " (Bacon, De Augmentis Scientiarum, Bk. 2, Ch. 2 [Works, Vol. 4, p. 298]). Shaw's 1733 translation of these passages uses the word "torture" (three times) to describe the handcuffing of Proteus. In "Physical Mythology," Shaw translates the Proteus allegory as follows: "And thus far the Fable reaches of Proteus, and his Flock, at liberty and unrestrained. For the Universe, with the common Structures and Fabricks of the Creatures, is the Face of Matter, not under constraint; or as the Flock wrought upon, and tortured, by human means. But if any skillful Minister of Nature shall apply force to Matter; and by design torture and vex it, in order to its Annihilation; it, on the contrary, being brought under this Necessity, changes and transforms it self into a strange Variety of Shapes and Appearances; for nothing but the Power of the Creator can annihilate, or truly destroy it: so that at length running thro' the whole Circle of Transformations, and compleating its Period, it in some degree restores itself if the Force be continued. And that method of binding, torturing, or detaining, will prove the most effectual and expeditious, which makes use of Manacles and Fetters; that is, lays hold and works upon Matter in extremest Degrees" (Bacon, Philosophical Works, ed. Shaw, Vol. 1, p. 567 [emphasis added on the word "torture" and its variants]). Shaw likewise uses "torture" in his translation of the passage in De Augmentis Scientiarum quoted above (omitting the phrase about Proteus): "For as a man's Temper reveals the perversity, insolence, and elusiveness of matter under "constraint or binding." 40 The third state of nature, or nature in bonds, is symbolized by Prometheus, or the state of man. He is "the nature of man . . . capable of a mind and understanding," "human nature," "man in nature," and man "mixed and compounded" of all things. 41 As bringer of technology, Prometheus likewise represents nature transformed by art. To assist humanity, Prometheus stole fire from the sun, "which [in] infinite ways affords aid and assistance to all labors and mechanical arts, and to the sciences themselves." After a number of other crimes, Jupiter "cast him into chains, and doomed him to perpetual torment." Every day an eagle feasted on his liver, "but as much as was eaten in the day grew again in the night, that matter for torment to work upon might never decay." But Hercules crossed the ocean in a cup, shot the eagle, and set Prometheus free. 42 The myth of Prometheus illustrates the liberation of humanity from torment. "The meaning of the allegory is this," states Bacon: "that men's outcries upon the defects of nature and art, proceed from an excellent disposition of the mind." Those who complain that Prometheus's gift of fire is not enough are "ever in action, seeking always to find out new inventions." Scholars who accept the philosophy of the Peripatetics, Bacon insists, are slaves to ancient ideas. On the other hand, those who angrily complain that humanity knows nothing acknowledge "the imperfection of nature and art." By setting Prometheus free, Hercules frees him (and with him humankind) from perpetual torment and slavery. Bacon concludes: "The sailing of Hercules in a cup to set Prometheus at liberty . . . redeem[s] man from the slavery of hell." Putting nature (Prometheus) in bonds will thus be followed by human freedom and redemption. The Oxford English Dictionary (OED) shows "travail" as evolving from "an instrument or engine of torture. . . . The etymological sense was thus 'to put to torture, torment'": s.v. "travail." 40 Bacon, Wisdom of the Ancients, in Works, ed. and trans. Montagu, Vol. 1, p. 297. Matter, Bacon states elsewhere, "is not devoid of an appetite and inclination to dissolve the world and fall back into the old chaos, but that its force and malice is restrained and kept in order by the prevailing concord of things (which is signified by Love or Cupid)" (Bacon, De Augmentis Scientiarum [Works, Vol. 4, p. 325]). As in Plato's Timaeus, matter was recalcitrant and had to be forcefully shaped by the demiurge. 41 In this work, Bacon states that "man can recover that right over nature that belongs to it by divine bequest." The goal is "to establish the power and dominion of the human race over the entire universe." 44 Pesic does not embrace the tradition of Prometheus as the bound hero who assists humanity through science and technology. To do so would be to admit to the daily torment (torture) of the chained Prometheus by the eagle. Instead, he sets up Proteus as the bound hero, exemplar of the heroic (male) scientist-Bacon's humble "servant of nature"-who gains truth through constant struggle with nature. He sees Proteus not as tortured, but merely vexed. Instead of having his liver devoured, like the suffering Prometheus, the handcuffed Proteus turns himself into strange forms and shapes. That these "wonders of nature" might be monsters or even freaks of nature is not acknowledged by Pesic. He insists that even though Proteus is in handcuffs and chains, "it is not a scene of torture." 45 He exonerates Bacon from violence toward nature by quoting the following passage:
But if anyone gets annoyed because I call the arts the bonds of nature when they ought rather to be considered its liberators and champions in that in some cases they allow nature to achieve its ends by reducing obstacles to order, then I reply that I do not much care for such fancy ideas and pretty words; I intend and mean only that nature, like Proteus, is forced by art to do what would not have been done without it: and it does not matter whether you call this forcing and enchaining, or assisting and perfecting. 46 But, contrary to Pesic, what Bacon is saying here is that he himself does not care to use pretty words such as "liberators" and "champions" in order to mollify others when all that is actually being achieved is to "reduce obstacles to order." The real meaning, Bacon states, is that nature (like Proteus) must be forced by art to do what it would not have done on its own. Merely "assisting and perfecting" nature as the alchemist does will not force it to yield its secrets.
Pesic has made a major distinction between the words "torture" and "vex," arguing that Bacon used only the milder term "vex" in relation to nature. Nevertheless, Bacon was striving toward the idea of the contained, controlled experiment in which a natural object is forced by art or technology to yield its secrets. The mechanical and practical arts out of which his concept of experiment emerged depended on hammering, molding, squeezing, and shaping nature under the constraint of tools and technological impediments. When it comes to the contained, controlled experiment, we can find a spectrum of meanings in terms such as "torment," "transmute," "torture," "vex," "hound," "alter," "constrain," "confine," "constrict," "change," "capture," "conquer," "disclose," "extract," "mold," 44 Bacon, Novum Organum, frontispiece; the quotations are from Bk. 1, Aphorism 129 (Works, Vol. 4, pp. 114, 115). 45 Pesic, "Wrestling with Proteus," p. 84. Pesic and I disagree on the interpretation of this passage. Where Pesic sees a "heroic struggle," I see the "violence of impediments" and Shaw sees "torture" (Bacon, Philosophical Works, ed. Shaw, Vol. 1, p. 567; see note 39, above).
46 Francis Bacon, "Description of the Intellectual Globe," in Bacon, Philosophical Studies, c. 1611-c. 1619, ed. Graham Rees (Oxford Francis Bacon, 6) (Oxford: Clarendon, 1996), pp. 100 -101 (quoted in Pesic, "Wrestling with Proteus," p. 86; and Pesic, "Proteus Rebound," p. 307). See also Bacon, Works, Vol. 3, p. 729 (Latin), Vol. 5, p. 506 (English); and Bacon, Works, ed. and trans. Montagu, Vol. 2, p. 572. The tract, unpublished by Bacon, appeared in Gruter, Scripta in Naturali et Universali Philosophia (cit. n. 30). This paragraph is another instance of Bacon's denunciation of the alchemical and natural magic traditions, which sought only to perfect the base metals and to assist nature in bringing about new medicines, potions, metals, and products, rather than, as he advocated, fundamentally transforming and transmuting nature. "penetrate," "shake," "shape," "squeeze," "straiten," "struggle," "subdue," "wrest," and "wrestle." 47 Distributed among many of Bacon's works and often reappearing in slightly altered phraseology, these terms all connote some degree of violence toward nature (the "violence of impediments"). 48 Simply annoying and pestering nature, or "assisting and perfecting" it, was not enough. The new method required a far more fundamental transmutation. As Bacon stated in De Augmentis Scientiarum (1623), "a more subtle error . . . has crept into the human mind; namely, that of considering art as merely an assistant to nature, having the power indeed to finish what nature has begun, to correct her when lapsing into error, or to set her free when in bondage, but by no means to change, transmute, or fundamentally alter nature." 49 The new technologies, he wrote elsewhere, "do not like the old, merely exert a gentle guidance over nature's course, they have the power to conquer and subdue her, to shake her to her foundations." 50 Against this background, Bacon's concept of the contained, controlled experiment arose out of three influences: the juridical tradition, the idea of nature in bonds (Prometheus), and the idea of extracting the secrets of nature.
THE JURIDICAL TRADITION
The first influence on Bacon's nascent concept of experiment was the juridical tradition. Bacon was an experienced practitioner of the law, rising to ever higher offices during the reigns of Queen Elizabeth I and James I. He became a barrister in 1582, was made Queen's Counsel to Queen Elizabeth, and in 1589 became Clerk of the Star Chamber (unsalaried). Under James I he was appointed Learned Council (1603), Solicitor General (1607), Clerk of the Star Chamber (salaried, 1608), Attorney General (1613), member of the Privy Council (1616), Lord Keeper of the Great Seal (1617), and Lord Chancellor and Baron Verulam (1618). But Bacon was himself painfully subjected to the judicial process and prison in 1621, when the High Court of Parliament convicted him of accepting bribes and sentenced him to the Tower of London, where he spent one day before being released.
Initially, English courts were known for fairness, flexibility, and speed. Common law judges heard cases of ordinary people as well as the nobility. Under the Tudors (Henry VII, Henry VIII, Elizabeth I), Star Chamber trials were public. But under the Stuarts, James I and Charles I, court sessions became secret and there were no witnesses, juries, or appeals. They used the Star Chamber to try cases of sedition and to try nobles. The court could order prison, fines, and even torture. The verdict was handed down in writing. (The Star Chamber was abolished by the Long Parliament in 1641.)
A number of scholars have written on the relationship between the courtroom and the rise of experimental science. The judicial process as it emerged in England and Bacon's life within that process converge to provide a setting for his concept of experiment. In The Veil of Isis Hadot writes, It has been said of Francis Bacon, the founder of modern experimental science, that he "submits the natural process to juridical categories, in the same way as a civil or penal matter." It is true that Bacon uses the vocabulary of violence, constraint, and even torture as he sketches the Bacon again reiterates the primary goal of all his work: "so may I succeed in my only earthly wish, namely to stretch the deplorably narrow limits of man's dominion over the universe to their promised bounds" (Farrington, Philosophy of Francis Bacon, p. 62). The passage about nature as a slave is a translation from the Latin: "sed revera naturam cum fetibus suis tibi addicturus et mancipaturus" (Bacon, Works, Vol. 3, p. 528). Neither Pesic nor Waterhouse, on whom he again relies, has provided any evidence that the phrase "addicturus et mancipaturus" (which means "bound and acquired as a slave"), as Bacon used it, has anything to do with purchasing land or cattle or that "fetibus" ("fetus") refers to "calves and crops" rather than "human children" (see Waterhouse, "Letter to the Editor" [cit. n. 7], p. 771; and Pesic, "Proteus Rebound," p. 307 n 11). Moreover, by quoting Bacon (in the above passage), who as speaker "comes to his 'dear, dear son,'" Pesic implies that harsh phrases are not really intended by Bacon and that-despite what it actually says-the passage really refers only to service and not to slavery (Pesic, "Wrestling with Proteus," p. 92; and Pesic, "Proteus Rebound," p. 307). program of modern experimental science: "the secrets of nature are better revealed under the torture of experiments than when they follow their natural course." 51 The judicial process distinguished between physical torture and judicial torture, and Pesic has usefully differentiated between them. 52 Physical torture was the subjection of an individual to intense physical agony. In England, judicial torture was the process of torture used to extract a confession from a witness in cases of high treason before proceeding to trial. A witness who confessed under torture, however, might recant in court when put on the witness stand. Thus the tortured witness might not be a reliable witness. In the case of nature, however, a reliable experiment could be repeated with the same results. Nature put on the witness stand does not lie but hides the truth, revealing her secrets only when questioned under controlled conditions. The scientist asks the question and nature, held in a confined, controlled space that could be replicated at different places and times, repeats the same answers. Through the judicial process of interrogatories, humanity could recover the state of nature lost by Adam and Eve in the Fall from Eden. Bacon wrote, "I mean (according to the practice in civil causes) in this great plea or suit granted by the divine favor and providence (whereby the human race seeks to recover its right over nature), to examine nature herself and the arts upon interrogatories."
53
NATURE IN BONDS
The second influence on Bacon's idea of the experiment, that of nature in bonds, has roots in the allegory of Prometheus. Hadot identifies three themes-Heraclitus's aphorism "Nature loves to hide," the veiled Isis (nature), and the idea of the secrets of nature-that come together in the seventeenth century to produce a Promethean tradition of extracting nature's secrets through experimentation.
Both in the Middle Ages and during the mechanistic revolution, mechanics, magicians, and scientists worked within the Promethean tradition that "sought to do violence to nature by artificial means." Prometheus himself was subjected to eternal torture after having stolen the secret of fire from the gods. For Bacon, Prometheus symbolized the efforts of humanity to dominate nature. 54 Hadot sets Goethe in the opposite, or Orphic, tradition that sees nature as a mystery or poem. "Mysterious in broad daylight, never/Will Nature be defrauded of her veil./What to your spirit she reveal not, that you fail/to torture out of her with screw or lever." Goethe, Hadot writes, "thus contradicts Francis Bacon, who sought to force Nature to talk under the torture of experimentation. For Goethe, rather than talk, 'Nature keeps silent under torture.'"
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THE SECRETS OF NATURE
The third influence, intimately related to the first two, is Bacon's immersion in the tradition of the secrets of nature. A major theme within his philosophy is the transformation of the ancient and medieval tradition of the secrets of nature. In Science and the Secrets of Nature, William Eamon has written in detail about books of secrets in the Middle Ages and the early modern era as emblematic of a new approach to seeking knowledge of nature. 56 Bacon framed his approach within the tradition of natural magic, the goal of which was to extract the secrets of nature. In the New Atlantis he transformed the natural magic tradition of Giambattista Della Porta and Henry Cornelius Agrippa into an experimental methodology that would benefit the whole of humanity.
Hadot explicates Bacon's use of the secrets of nature. Nature in the Renaissance, he argues, is a fusion of the classical multibreasted Artemis and the Egyptian Isis, who says of herself, "I am all that is and will be. No mortal has lifted my veil."
57 "Modern science, as the heir in this sense to the occult sciences and magic, was to assign itself precisely the goal of unveiling the secrets of nature. . . . They were to become in this way the object of the new physics, mathematics, and mechanics. Francis Bacon, for instance, declared that Nature unveils her secrets only under the torture of experimentation."
Bacon drew on the secrets tradition and used the language of nature as female to articulate an experimental philosophy. He states that not only were the secrets of nature hidden "in certain deep mines and caves," but they could be wrested from nature's grasp by miners and smiths, "the one searching into the bowels of nature, the other shaping nature as on an anvil." The technologies of gunpowder, printing, and the magnet "help us to think about the secrets still locked in nature's bosom." Under the mechanical arts, Bacon wrote, "nature betrays her secrets more fully when in the grip and under the pressure of art than when in the enjoyment of her natural liberty." He thus sought to secularize and make available that which was of use in the arcana of the ancients, transforming it into a body of knowledge accessible to all. "There is therefore much ground for hoping that there are still laid up in the womb of nature many secrets of excellent use having no affinity or parallelism with anything that is now known."
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EMERGENCE OF THE CONTAINED, CONTROLLED EXPERIMENT
Much has been written about the rise of experimental science in the seventeenth century and its role in the formation of a repeatable, verifiable methodology accessible to all observers in all places and at all times. The fusion of the twin pillars of mathematics and experimentation was an important contribution to the Scientific Revolution, later becoming positivism, or the acceptance as truth only what is verifiable either mathematically or empirically via observation or experimentation. Cited as exemplars of the experimental method are such notable moments as Galileo's purported dropping of balls of unequal weight from a tower (alleged to be the leaning tower of Pisa) in 1590, Harvey's dissections of animals and human hearts (published in 1628), the Torricellian barometer carried to the top of the Puy-de-Dôme in 1648 by Pascal's brother, Otto van Guericke's 1654 Magdeburg hemispheres experiment, and Boyle's subjection of living things to the evacuated bell jar in the 1670s. Ancient and medieval mechanics, celestial observations, natural magic, and corporeal dissections all contributed to the rise of experimental science.
The contained, controlled experiment depends on several factors: first, a controlled environment in which characteristics and quantities such as moisture, temperature, pressure, and space itself are all prescribed; second, a question that is to be put to nature and that can be answered by the experiment; third, an object or set of objects that are to be manipulated and that will yield an answer to the question; fourth, an experimenter outside the space who dictates the conditions under which the experiment proceeds; fifth, observhe translates the passage as "Nature best discovers her secrets when tortured by Art"; and in his introduction he states that "nature like a witness, when put to the torture, would reveal her secrets" (Bacon's Novum Organum, ers or witnesses who can verify the answers to the question; sixth, the recording of data; and seventh, the possibility of repeating the initial conditions in other places and times and hence obtaining the same answers.
Three early modern settings-the courtroom, the anatomy theater, and the laboratoryillustrate the structural characteristics of the contained, controlled experiment.
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The trial courtroom is a room enclosed and set off from the external environment, including the influence of the public, the crowd, and the natural environment (trees, breezes, mountains, etc.). On one side of a dividing bar is the judge's bench, the lawyers' tables, the witness stand, and the jury box. On the other side of the bar is the public gallery for the spectators, who are also witnesses to the trial. A question or set of questions is put by a lawyer to a subject on the witness stand. The defendant, if called as a witness, may be in bonds-manacled in handcuffs and subjected to mental agony. (In "The Masculine Birth of Time," Bacon successively summons Aristotle, Plato, Galen, and other "sham philosophers" to the bar to face prosecution for "false coinage, "vague inductions," and "bogus cures.") The questions put to a witness are designed to elicit answers that will prove the prosecutor's point. They reveal the secrets held within the witness's mind. Layers of data are peeled away, revealing the inner truths. The judge and jury hear the evidence. They are finders of facts; their verdict is, literally, a statement of truth. The testimony (evidence, facts, data) is recorded by a court reporter. If the witness is reliable, the same answers will be elicited at a future time. "It is by the witness of works," Bacon stated, "that truth is revealed and established." 61 Bacon used the term "trial" to characterize an experiment. The interrogation of nature is analogous to a judicial trial, in which the subject on the witness stand is forced to answer questions in order to extract the truth ("the inquisition of truth"). In the quest for understanding, the scientist must not think that "the inquisition of nature is in any part interdicted or forbidden." In the case of Science v. Nature, the scientist/inquisitor/judge/ examiner faces the witness/examinee/nature on the stand. Nature per se cannot speak but is privy to the facts and knowledge (secrets) to be extracted. Nature must recognize the words of the questions put by the human examiner as written in its/her own language and must in turn give reliable, repeatable answers in that language.
62 By analogy, the scientist designs an experiment in which nature is "put to the question" in a confined, controlled space where the correct answers can be extracted through inquisition. 63 That confined, 60 I have elaborated on the anatomy theater in Merchant, "Secrets of Nature" (cit. n. 2). In Merchant, "Scientific Revolution and The Death of Nature," I used the rack as symbol for the interrogation of witches, citing examples from James VI of Scotland (James I of England), Daemonologie (1597) (New York: Dutton, 1924). Although the vast majority of witches interrogated and executed by the Inquisition and accused in England under James I were women, the idea of interrogation in a confined, controlled space before witnesses as an exemplar of the emerging idea of the experiment is gender neutral. Pesic's claim that the existence of male witches undercuts the argument is not relevant. In The Death of Nature, I argued that witches were one of many symbols of the disorder of nature; see Merchant, Death of Nature, p. 172 and Ch. 5, "Nature as Disorder: Women and Witches." 61 63 Michèle Le Doeuff states: "Nature can be put to the question, through procedures of inquiry that can be described, this very description and the application of these procedures comprising what Bacon means by controlled space is Bacon's third state of nature-that is, nature in bonds, or nature "in constraint, molded, and made as it were new by art and the hand of man."
The anatomy theater, as it emerged in the sixteenth and seventeenth centuries in Padua, Leiden, and other European universities, is a second contained, controlled environment. The theater, with its rows of descending seats centered on a dissecting table, is a self-contained amphitheater cut off from the outside environment. The corpse lying prone on the central table is subjected to a series of questions-surgical cuts that reveal the secrets contained within it. The body is that of an executed criminal who (symbolically) lies in bonds on the table. The anatomy professor standing above the prone body either does the dissection himself or directs the barber surgeon. The answers to the questions reveal the parts of the body, peeling back layers of truth as the innermost structures are laid open for all to see. Laboratory assistants record the data. The professors, students, and privileged members of the public, arrayed in ever-widening concentric rows around the central corpse, are witnesses to the truths uncovered. If the dissection is done carefully and reliably, the same truths, data, and secrets will be revealed in subsequent "trials." Those trials repeat the truths already learned and instruct subsequent observers. They are public demonstrations of the truths (verdicts) of nature.
In 1604, Bacon drew on the concept of anatomy and the corpse of nature in his criticism of the ancients for continually using dead principles rather than actively investigating the forces of nature. "Speculation has been principally concerned with the investigation of these dead principles, as if a man should make it his business to anatomize the corpse of nature without enquiring into her living faculties and powers." In 1608, Bacon proposed a plan to head up a school or college in which he could install vaults, furnaces, and laboratories and "a collection of phenomena concerning surgery, distillations, mineral trials," and he named several physicians who could assist in the instruction. 64 In the Novum Organum (1620), Bacon proclaimed the need to create an "anatomy of the world" through "diligent dissection." He wrote, "For I am building in the human understanding a true model of the world, such as it is in fact, not such as man's own reason would have it to be; a thing which cannot be done without a very diligent dissection and anatomy of the world." 65 By analogy, a body (the corpse of nature) flayed open on the dissecting table comprised a series of cavities that contained secrets to be uncovered through scientific inquiry. The new method of interrogating nature was to instruct the understanding so that it "may in very truth dissect nature." 66 The laboratory, as a third example of the contained, controlled environment, replicates the structural features of the courtroom and the anatomy theater. It is an enclosed space in which environmental variables such as temperature, air pressure, dust, and moisture can be controlled. A question is posed by the experimenter. He or she designs an apparatus that will answer the questions around which the laboratory is itself organized (equipment, assistants, recordation). The apparatus is subjected to a sequence of forces, impulses, or tests that will elicit answers. The data are recorded by witnesses and reduced by mathematical equations that will reveal the truths (secrets) of nature. If reliable results are found, they can be repeated at a future time and place by other experimenters and viewed by other witnesses.
The "laboratory" as a self-contained space for conducting practical investigations in the natural sciences and chemistry derived from the alchemist's workhouse. The term was introduced by Ben Jonson in a masque performed at the court of James I in 1610, in which Mercury drives twelve alchemists from an alchemical laboratory and welcomes in Prometheus, Nature, and twelve "sons of nature." 67 The alchemist's laboratory typically comprised an array of furnaces, bellows, cauldrons, crucibles, presses, alembics, stills (distillation equipment), jars, flasks, and mortars and pestles, along with animal skeletons, herbs, powders, metals, and a variety of symbols, books, and recipes. In it, the alchemist searched for transmutations that would produce cures, potions, gold, and the philosopher's stone. Bacon's ultimate goal was to transform the individualistic efforts of the alchemist and the magus into a method of obtaining knowledge that would serve all of humanity. 68 By 1594, Bacon had already envisioned the need for "laboratories," zoos, botanical gardens, and museums that would bring together the "mind of man" with "the nature of things" for the advancement of humankind. He proposed a new philosophy in which he recommended to Queen Elizabeth four principal works-a research library, a botanical garden and zoo, a museum (or "cabinet") of inventions made by the "hand of man," and a laboratory (or "still-house") with "mills, instruments, furnaces, and vessels." 69 Although Bacon did not use the term "laboratory," his vision for still-houses with furnaces, distillation equipment, and various types of instruments and vessels drew inspiration from the alchemist's workhouse.
In his writings of the 1620s, Bacon moved toward the concept of the contained, controlled experiment. In Book 2 of the Novum Organum (1620) he presented a number of "instances" that exemplified the constraint of nature in a confined space altered by "art and the hand of man." Here he organized numerous observations and descriptions of experiments done on nature (several of which he stated that he himself had conducted) into a series of "privileged instances." His work reveals a knowledge of Copernicus's idea of the motion of the earth, of Galileo's discoveries with the telescope, of the use of the the parts were separated and lost in combustion; similarly, in distillations the dregs were separated from the vapors. If, however, someone could try what he called a "close distillation," in which the matter was confined in a vessel and the heat regulated so that the vessel did not crack, then the matter might be transformed into new and useful shapes. Here the matter was like Proteus, the vessel was like the handcuffs, and the heat caused Proteus to change into new shapes. A violent force such as fire would defeat the desired outcome, whereas an operation like the heat of the womb would preserve the body intact. 74 The New Atlantis (written in 1624 and published posthumously in 1627) epitomized Bacon's most mature conception of the contained, controlled experiment. Here, in the visionary experiments conducted in Salomon's House, the workers all contributed to setting up "trials" and recording data. Separate "laboratories" (termed "preparations and instruments," including "perspective houses," "engine houses," "furnaces," "sound houses," "mathematical houses," "parks and inclosures," "chambers," and "orchards and gardens") existed for the study, speeding up, and modification of the activities of plants and animals, aquatic life, the metals, and the weather-all for the benefit of humankind. The parks, gardens, caves, deep mines, wells, pools, streams, and fountains were strategically sited to facilitate the conduction of investigations; likewise, "laboratories" were specifically organized for dissections and surgeries, experiments with medicines and poisons, and the creation of new species of plants and animals. The research and the recording of the results were undertaken by apprentices, novices, and scientists. "The end of our foundation," Bacon stated, "is the knowledge of causes, and secret motions of things; and the enlarging of the bounds of human empire, to the effecting of all things possible." 75 74 Bacon, De Augmentis Scientiarum, Bk. 5, Ch. 2 (Works, Vol. 4, pp. 420 -421): "then it is one of the best ways, and plainly shakes out the folds of nature. . . . But what I may call close distillation no man has yet made trial. Yet it seems probable that the force of heat, if it can perform its exploits of alteration within the enclosure of the body, where there is neither loss of the body nor yet means of escape, will succeed at last in handcuffing this Proteus of matter, and driving it to many transformations; only the heat must be so regulated and varied, that there be no fracture of the vessels. For this operation is like that of the womb, where the heat works, and yet no part of the body is either emitted or separated." See also Bacon, De Augmentis Scientiarum, in Works, ed. Shaw, Vol. 1, p. 124: "this becomes an excellent instrument, and really enters the Bosom of Nature. . . . But no Man has hitherto tried close Distillation. Yet it seems probable, that if the Force of Heat may have its Action confined in the Cavities of a Body, without any possibility of loss or escape, this Proteus of Matter will be manacled, as it were, and forced to undergo numerous Transformations; provided only the Heat be so moderated and changed, as not to break the containing Vessel. For this is a kind of natural Matrix, where the Heat has its Effect without separating or throwing off the Parts of a Body." In an explanatory note, Shaw states: "The thing meant here is . . . a new Digestion, practiced by means of the Digestor, or hollow metalline Engine, made so strong and firm, as to endure a great Violence of Fire: which is an Operation that had not, perhaps, been practiced at the time our Author wrote" (p. 124, note a). Pesic argues that this passage shows that Bacon's image of experimental procedures is "feminine and maternal" (Pesic, "Proteus Rebound," pp. 308, 309 n 17; and Pesic, "Wrestling with Proteus," p. 93). Yet Bacon's ultimate rationale for experimentation was to understand the way that nature works, the goal being to extend "the power and dominion of the human race itself over the universe" (Bacon, Novum Organum, Bk. 1, Aphorism 129 [Works, Vol. 4, p. 114]). 75 Bacon, New Atlantis (Works, Vol. 3, pp. 129 -166, on p. 156). Of the New Atlantis, Michèle Le Doeuff writes, "The gardens where new species are produced, the workshops where new sorts of heat are fabricated are presented in the New Atlantis before the description of the division of tasks proper to the process of knowledge, and under the following title: 'The Preparations and Instruments' are these. . . . The proliferation of artifacts creates things that procure greater well-being, of course, but these things are also necessary as instruments in the acquiring of knowledge concerning nature. Being 'instruments of science,' they are not just like the telescope or the microscope. They must be conceived of as objects which contain a phenomenon under a tortured form" Boyle's experiments with the air-pump, in which living things were subjected to the vacuum produced by the evacuation of air from a bell jar, could be viewed by witnesses. The resulting truths were agreed upon by all witnesses and were replicable in other times and places. A reliable form of knowledge resulted, one that helped to reestablish the social and political order left in disarray by the English Civil War. The results exemplify the concept of the laboratory experiment toward which Bacon was tending. The bell jar is a confined, controlled space. The experimenter designs the "trials" to be made on nature in an effort to extract its secrets. Here living things are subjected to "the violence of impediments." Nature is in bonds. In Bacon's terms, "She is put in constraint, moulded, and made as it were new by art and the hand of man; as in things artificial." The new method was needed, stated Boyle (echoing Bacon), because "some men care only to know nature, others to command her." 76 The confined, controlled experiment depends on the isolation of the factors under investigation from any environmental conditions that might interfere with the results, so that the question being asked of nature can actually be answered. Similarly, the mathematical method depends on the description of bodies in motion under closed, idealized conditions in which environmental factors (such as air resistance, friction, etc.) are abstracted away, so that the mathematical equation holds. Together, the experimental method and the mathematical method helped to define the mechanistic revolution as it evolved in the seventeenth century.
Bacon's concept of science that emerges from the contained, controlled experiment is explicated by his allegory of the Sphynx. The Sphynx represents science. It receives difficult questions and riddles that are to be solved freely by study and meditation, with knowledge as the end result. But if practice and action are the goals, then the enigmas are "troublesome and raging," the understanding is "racked and imprisoned," and the riddles "wonderfully torment and vex the minds of men." Bacon states, "Of Sphynx's riddles, they are generally two kinds; some concerning the nature of things, others touching the nature of man. So also there are two kinds of empires, as rewards to those that resolve them. The one over nature, the other over men; for the proper and chief end of the true natural philosophy is to command and sway over natural beings; as bodies, medicines, mechanical works, and infinite other things." 77 
